despite adequate treatment. Venous angioplasty and stent placement has been progressively used to restore and maintain venous patency in PTS patients. This study reports our single-center experience with the use of endovascular treatment for chronic post-thrombotic symptomatic ilio-femoral venous obstructive lesions.
Introduction
Deep vein thrombosis (DVT) is a significant health care and socio-economical problem, with an incidence of 1 per 1,000 per year in Caucasian population (1, 2) . Chronic venous conditions are mostly related to intrinsic venous obstructions and/or valvular reflux (secondary to DVT) but also to extrinsic ones (3) (4) (5) . Extrinsic obstructions are secondary to malignancy or rare anatomic variants (May-Thurner syndrome) (6) . Despite universal usage of anticoagulants, post-thrombotic syndrome (PTS) is the most frequent long-term complication of lower limb DVT, affecting about 23% to 60% of patients within 2 years even with an adequate treatment, major symptoms being chronic pain and oedema of the lower limb. PTS is severe in 5-10% of cases degrading the quality of life and inducing an economic burden (6) (7) (8) (9) (10) (11) (12) (13) . Proximal thrombosis, involving iliac veins, is more at risk of PTS (14) (15) (16) . The frequency of this complication led to its definition as clinical entity by the European Venous Forum (17, 18) . So far, there is no specific medical treatment for PTS (19) . The outcomes of surgical procedures remain poor leading to the first venous angioplasties in the late 90s in case of chronic obstruction or PTS (14, 20) . Since then, percutaneous endovascular venous recanalization techniques have shown encouraging results in terms of safety and effectiveness in the literature (2, 4, 6, 7, 16, (21) (22) (23) (24) (25) (26) (27) (28) . Still, few reports analysed the impact of angioplasty on quality-of-life scores in PTS patients. In the present study, we evaluated the safety and clinical efficacy of endovascular treatment for PTS patients with chronic symptomatic ilio-femoral venous obstructive lesions and its impact on quality-of-life scores.
Methods

Study population
From March 2012 to April 2016, 21 PTS patients (11 females, 10 males; median age, 41 years; range, 32-60) with chronic symptomatic ilio-femoral venous obstructive lesions were included in our single-center prospective observational cohort. Occluded venous segment was evaluated according to the lower extremity thrombosis (LET) classification (29, 30) . Patients with chronic thrombosis (at least 28 days) (31) , which were LET class II-III, III, III-IV ones (Figure 1) , were referred to our Interventional Radiology Department for endovascular recanalization and venous angioplasty. PTS was diagnosed by their angiologist on the basis of clinical and duplex ultrasound (US) features. Age <18 years, non thrombotic obstructive condition, acute thrombosis, and a Villalta score ≤4 were exclusion criteria.
Villalta score and CIVIQ-20 scale assessment
Severity of PTS was evaluated before the procedure (at baseline) and at 3 months by the Villalta scale being relevant in this pathology according to the literature (17, 18, 31) . This scale is based on clinical examination of both legs, including five symptoms (heaviness, pain, cramps, pruritus and paraesthesia) and six signs (edema, induration, hyperpigmentation, new venous ecstasies as varicose veins, redness and pain during calf compression) scored from 0 to 3. A total score of 0-4= no PTS, 5-9= mild PTS, 10-14= moderate PTS, and 15 or more = severe PTS (32) . Pain and edema was also analyzed separately.
The Chronic Venous Insufficiency Questionnaire in 20 questions (CIVIQ-20) was used to evaluate the quality of life of each patient, at baseline and after the procedure at 3 months. Patients were asked to complete the CIVIQ-20 consisting in 20 questions designed to assess four quality-oflife dimensions: "pain" (four items), "physical" (four items), "psychological" (nine items) and "social" (three items). Items on the CIVIQ-20 scale were scored from 1 to 5. A lower score corresponded to greater patient comfort. A score of 20 corresponded to a normal quality of life and a score of 100 corresponded to a maximal quality-of-life alteration. Absolute scores could be converted into an index ranging from 0 to 100, the global index score (GIS), so as to obtain a score directly proportional to the quality of life. Therefore, an improvement of quality of life from baseline to 3 months after the procedure was represented by a decrease in CIVIQ-20 score or an increase in GIS. Questionnaires with 3 or more missing items were excluded from the analysis. CIVIQ-20 was considered the most adapted score for our study due to its specificity in venous disease and its wide validation (31, 33, 34) .
Peri-procedural imaging
US
Patients had a US (Diamond Select iU22, Philips Healthcare, Amsterdam, the Netherland) with a 5 MHz convex array transducer from the superior vena cava to the groin and with a high frequency linear array transducer (8 MHz) from the groin to the foot of both legs with their angiologist before the procedure, at 1 day, 1, 3, 6, 12 months after the procedure, and every 6 months until 2 years, and then annually. Iliac, femoral, popliteal, deep calf veins and vena cava were evaluated in the longitudinal and axial planes. The following criteria indicated post-thrombotic disease: wall thickening, irregularities, occluded or reduced lumen (incompressibility), prominent collateral veins. It also allowed the clinical examination and assessed the stent patency.
Computed tomography (CT)
Every patient had an angio-CT scan (Somatom ® Definition
Flash, Siemens AG, Germany) before the procedure to make an accurate assessment of topography and extension of thrombosis and to evaluate presence of synechiae and morphology of collateral veins. Angio-CT scan at 2 months was also systematically performed to evaluate the stents' integrity, patency and morphology. Protocol was standardized: patients received iodinated contrast agent 400 mg/mL (Iomeron 400, Bracco, Milano, Italy) through the forearm (0.6 gI/kg at a rate of 4 mL/s) and the acquisition ranged from the diaphragm to the knees at 100 seconds after intravenous injection. Reading and interpretation in frontal, axial and sagittal planes and threedimensional (3D) reconstructions were carried on.
Endovascular procedure
All interventions were performed by the study investigator (RL, with 15 years of experience in endovascular therapeutics) in an interventional radiology platform, using a Philips Allura Xper FD20 angio room (Philips, Amsterdam, the Netherland). The procedure was usually performed under local anaesthesia, using 5 to 10 mL of lidocaine hydrochloride 20 mg/mL (Xylocaïne ® 2%, AstraZeneca, London, UK). Only three procedures required general anaesthesia, 1 by requirement of the patient, 1 for an extension of the stenting and 1 for a recanalization attempt after early in-stent thrombosis. All patients received 5,000 IU of heparin intravenously at the beginning of the procedure to avoid in situ thrombosis during or immediately after angioplasty. Then contralateral transjugular or transfemoral, or ipsilateral popliteal cannulation permitted a selective venography of the cavo-ilio-femoral veins through a long 45 or 65 cm length 6-Fr "Destination" sheath (Terumo Interventional Systems, Japan). Double approach could be required if the recanalization was difficult. Venous puncture and catheterization was always carried out under ultrasonography control. Selective venographies were performed, in frontal and sagittal incidences. Iliofemoral thrombosis was crossed using a 0.0035' "Terumo stiff" hydrophilic guidewire (Terumo Interventional Systems, Japan). Then, a 4-Fr or 5-Fr catheter (Vertebral catheter, Cook Europe, Bjaeverskov, Denmark) was used and interchanged on "Amplatz Super stiff" guidewire (Boston Scientific, Natick, MA, USA) in case of synechiae. Recanalization was cautious because of the risk of venous wall break. Retrograde recanalization needed more time because of the risk of going into collaterals. We performed first delicate angioplasty with balloons from 5 to 12 mm in diameter. High-pressure angioplasty could be achieved if the stenosis was very fibrous (until 30 bar). In a second time, extensive stenting was performed: stents were placed from the vena cava or common iliac vein to a landing below in a stenosis-free location which was often the common femoral vein. Procedure needed from 1 to 7 stents, whom diameter ranged from 8 to 18 mm and with a 40, 60 or 80 mm in length. Nitinol stents were used (Nickel Titanium alloy, Protege ® GPS™ Self-Expanding Peripheral System, Covidien, Plymouth, USA) with high radial force to remain stable in a vein due to axial and longitudinal flexibility (35) (Figures 2 and 3) . If diameter superior to 14 mm necessary, Wallstent™ (Boston Scientific, Natick, MA, USA) was used. One case needed a 22 mm stent (Optima™ 22 mm × 60 mm, Bard Medical, Covington, Georgia) in the vena cava. In case of bilateral angioplasty of iliac veins, we performed a kissing procedure. A final angioplasty with a 9 to 12 mm balloon was achieved to restore a good stent caliber (15 mm for the Wallstent™). In case of attempt of the proximal common iliac vein, the stent ran over inferior vena cava with low risks of complication, less than 1% (16) . When several stents were used a 1 cm overlap was recommended. A final venogram ensured the final positioning and stent patency.
The whole procedure used a maximum of 260 cc of contrast agent (Visipaque 270 mgI/mL, GE Healthcare, Chicago). The sheath was removed and pressure was applied for 5 to 10 minutes at puncture site. All patients were hospitalized over night and returned to their normal daily activities after 24 hours. Heavy physical activities were contraindicated during 15 days. Class II compression socks were recommended for all patients.
In absence of consensus, each patient received 3 months of dual-therapy: antivitamin K (with a target INR of 2.0-3.0) and antiplatelet drug (Aspegic ® per os 100 mg per day). In the literature, antiplatelet drug for life is necessary for some (22, 36) , useless for others (23, 25, 37) . Antivitamin K was prescribed in case of bad haemodynamic or thrombophilia (22, 25, 38) .
Follow-up
Patency data were based on the results of imaging studies (venography, US and/or CT scan) as described above.
Immediate technical success was defined as recanalization restoring patency to the target vessel with anterograde flow and <50% residual stenosis after stent placement at the perioperative phlebography and confirmed by US at day 1 (39) . Complications were classified as minor and major, immediate (within 48 hours of treatment) and secondary (at 30 days and overall), based on the Society of Interventional Radiology (SIR) standards: infectious complication, allergic reaction, pain >5 on visual analogue scale for pain (VAS), minor or major bleeding, renal failure, thrombosis extension and pulmonary embolism, or even death were evaluated (40) .
Early in-stent thrombosis was defined as occlusion or >50% stenosis on CT scan or US exam during the first 2 months.
Clinical improvement was evaluated according to Villalta and CIVIQ-20 scores.
Statistical analyses
Statistical analyses were performed using STATA software (version 12.0, STATA corp., College Station, Texas, USA). Continuous variables were described using Chi 2 (χ 2 ) as means (with standard deviations) (SDs) and medians (with interquartile range) (IQR). Qualitative variables and data, Villalta and CIVIQ-20 scores from baseline to postoperative scores were analyzed using Wilcoxon paired rank test, a non-parametric test. A P value of ≤0.05 was considered significant. Values were described as median (IQR, p25-p75). Multivariate analyses were performed. Robust variance estimator by multiple linear regressions was chosen to reveal the internal validity. Finally, a model was developed to consider repeated measures in patients operated twice to consider time.
Results
Patients characteristics
Between March 2012 and April 2016, 25 angioplasties were performed in 21 PTS patients, two patients had a further procedure for stenting extension and two for recanalization attempt after in-stent thrombosis. Median age at baseline was 41 years (range, 32-60 years) and female/male ratio was 1. Table 1 .
Technical success and stent patency
Three (12%) of 25 procedures were performed under general anaesthesia. Median number of stents for each procedure was 3 (range, 2-4) and the median total number Three (14.3%) of 21 patients had an early in-stent thrombosis at 2 months on CT scan and confirmed on US. For one of them, secondary recanalization attempt failed, one benefitted from a successful thrombectomy and extensive stenting. Stent patency was obtained along the study follow-up. The third patient could so far not benefit from a secondary procedure due to complications of anticoagulants. At 3, 6, and 12 months, no other in-stent thrombosis was detected for the rest of the cohort on US exams.
Despite stent patency, one patient underwent a secondary extensive stenting due to the presence of synechiae on CT scan and moderate residual PTS symptoms which were subsequently alleviated. Nineteen (90.5%) of the 21 patients had stent patency at the end of the median followup. Outcomes data are summarized in Table 2 . was observed. Villalta score was significantly decreased from baseline compared with 3 months after stenting [14 (range, 11-22) and 5 (range, 1-10), respectively, P<0.0001] ( Figure 5 ). Particular items (pain and edema) of the Villalta score were specifically studied. Pain median score was significantly decreased from baseline compared with 3 months [2 (range, 2-3) and 1 (range, 0-1), respectively, P<0.0001]. Complete pain relief concerned 9 (42.9%) of the 21 patients. Edema median score was significantly decreased compared with 3 months after stenting [3 (range, 3-3) and 1 (range, 0-1), respectively, P<0.0001]. Seven (33.3%) of the 21 patients had complete edema relief. Different variables were analyzed in a multiple linear regression model, then progressively only the most significant factors were kept in a manual backward procedure to take into account medical and therapeutic constraints. In this model, baseline Villalta score was the only independent factor significantly related to post-procedural Villalta score (95% CI, 0.0168655-0.5884017, P=0.039). Age, delay from DVT, and number of stents or stenting expanse were not significantly associated with Villalta score at 3 months. Robust model showed that age (95% CI, 0.0657294-0.2186861; P=0.001) could be an independent risk factor of post-procedural Villalta score. Baseline CIVIQ-20 score (95% CI, 0.1981609-0.7562401; P<0.002) and post-procedural Villalta score (severity of the residual PTS) (95% CI, 1.531922-2.955227; P<0.0001) were independent factors related to post-procedural CIVIQ-20 score. Analysis with multiple linear regressions with robust variance estimator (to test the model stability)
Villalta and CIVIQ-20 scores improvement
showed that Villalta gain (95% CI, 1.56813-2.565814; P<0.0001) was an independent factor related to CIVIQ-20 score. Statistical data are summarized in Tables 3 and 4 .
Discussion
Our study confirms the high clinical success rate and safety of endovascular PTS treatment and highlights the significant impact of stenting on the quality of life of patients with chronic symptomatic ilio-femoral venous obstructive lesions. Immediate technical success rate was 96% considering 25 procedures, performed without any complications. Median follow-up was 18 months (range, 6-30) with a 90.5% stent patency rate. Villalta score was significantly decreased from baseline compared with 3 months after the procedure [14 (range, 11-22) and 5 (range, 1-10), respectively, P<0.0001), showing a significant decrease in the severity of PTS. CIVIQ-20 score was significantly decreased from baseline compared with 3 months after stenting [48.5 (range, 39-73) and 26.5 (range, 21-45), respectively, P<0.0001) thus showing a significant improvement of quality-of-life. Despite optimal anticoagulation which is the gold standard DVT treatment, PTS remains a frequent complication of DVT and leads to significant morbidity, suffering and high health costs (21) . Endovascular approach with venous angioplasty and stenting has become a widely accepted treatment option in chronic venous obstruction with high technical success rates, minimal complications and very short hospitalization as compared with conventional surgical treatments (16, 41, 42) . Surgery showed lower patency rates, ranging from 44% to 85% (43) . Our results are in accordance with a meta-analysis including major series gathering 1,118 patients (3, 6, 16, 26, 41, (44) (45) (46) . In our study, 21 PTS patients underwent endovascular treatment with angioplasty and venous stenting with an immediate technical success rate of 96% corroborating that of the meta-analysis (94.1%) (6) . Moreover, in our series we reported a 90.5% patency rate with a median follow-up of 18 months comparable with that of meta-analysis (94%) with a median follow-up of 15 months (6). Comparison of data between studies remains difficult because of imprecise definitions of short-, mid-and long-term patency. In our series, no in-stent thrombosis and no recurrent DVT was observed after 2 months of follow-up. Most studies used Wallstent™ (Boston Scientific, Marlborough, MA, USA), whereas others used various types of stents. We preferentially implanted a single type of nitinol stent (Nickel Titanium alloy, Protege ® GPS™ SelfExpanding Peripheral System, Covidien, Plymouth, USA) because of their axial and longitudinal flexibility and high radial force, except for two cases requiring sizes unavailable with these stents (35) . Therefore, our series fully displays the results of venous stenting with nitinol stents being comparable to those of series using Wallstent™. Very few studies combined Villalta score grading PTS severity and CIVIQ-20 score being relevant for quality of life grading in chronic venous disease (26, 28) . So far, no study has analyzed factors associated with quality of life in such a setting. Ye et al. (28) reported a significant decrease of Villalta score from 22 at baseline to 9.3 after the endovascular procedure in accordance with our results [14 (range, 11-22) and 5 (range, 1-10), respectively]. Still, this study of life quality may be considered as irrelevant due to a partial analysis of CIVIQ-20. In the study from Sarici et al. (26) , Villalta score decreased from 18 (range, 7-30) at baseline to 8 (range, 4-19) at 3 months and CIVIQ-20 (expressed in GIS) increased from 64 (range, 50-75) to 81 (range, 63-90), corroborating our data.
To our knowledge, our study is the first one showing post-procedural Villalta and baseline CIVIQ-20 as independent risk factors of final CIVIQ-20. Moreover, our model developed by multiple linear regressions showed that only Villalta gain could be an independent risk factor of final CIVIQ-20, but not the number of stents or length of stenting as we could expect. Post-procedural Villalta was only related to baseline Villalta. This model also showed that it could be related to age but not to delay from DVT. In the literature, stent integrity was not generally assessed unlike into arterial system (23, 41) . By CT scan at 2 months, we showed no fracture and no stent migration, especially in the common femoral vein across the hip joint. Moreover, 2 patients were high level mountain bike riders and one patient had two normal pregnancies during follow-up without stent damage. According to studies with longer follow-up (>5 years), no further anticoagulation was prescribed after 3 months of dual-therapy if no thrombophilia or other conditions. This is still a debate of matter. However, the ability to stop anticoagulants shortly after venous endovascular procedures, is helpful because of their long-term risks (37, 47) . No late in-stent thrombosis was observed in our series, suggesting a better mid-term stent patency in veins than in arteries.
Our study has some limitations. First, it reports a small number of patients, in part because lot of angiologists in Burgundy did not know the feasibility of such procedure in our institution at the beginning of the study. Recruitment is currently increasing. A lack of power due to the small number of patients may also explain that delay from symptoms onset to the endovascular procedure does not appear associated with the effectiveness of treatment. Second, calf and thigh circumferences were not considered, it could have strengthened the objectivity of edema decrease.
Conclusions
Our study confirms the high technical and clinical success rates and the safety of ilio-femoral venous angioplasty/ stenting in PTS patients with symptomatic chronic venous obstructive lesions and highlights the significant impact on the quality of life of patients at mid-term. Such a procedure shows good long-term stent patency. Our study demonstrates that angioplasty can treat mild or severe PTS and avoid complications, and lead to a decrease of the severity of PTS with quality-of-life improvement. A further randomized controlled trial may determine whether treating PTS patients earlier provides better results.
